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ABSTRACT

The NASA Discovery Program of small
planetary missions will provide
opportunities to continue scientific
exploration of the solar systemin
today’'s cost-constrained
environment. Using a nulti-
di sci \ol inary team the Jet
Propul si on Laboratory has devel oped
plans to provide mssion operations
within the financial paraneters
establ i shed by the Discovery
Program This paper describes
experiences and methods that show
ﬁ/lrom' se of allowing the Discovery
ssions to operate within the
program cost constraints while
mai ntaining low mssion risk, high
data quality, and responsive
operations.

Pl anetary mission operations
concepts” are surveyed, with an
enphasis on | ow cost strategies and
experiences. The mgjor factors that
determ ne nission operations cost
are identified and approaches to
management of mi ssion operations
costs are presented. A taxonony of
m ssion operations functions is
described and exanples of several

Di scovery-class organi zati onal
approaches are presented. Also
described are nulti-nission ground
system services that will allow

D scovery nissions to share
tracking, data capture, command, and
navi gation support.

The Discovery Program will encourage
the devel opnent of missions wth
smal ler, nore focused, spacecraft.
W in mssion operations nust
respond with correspondingly small,
efficient mssion operations
concepts and ground data systens.

Pasadena, California 91109

1. Introduction

M ssion operations include all the
activities required to fly a
spacecraft and execute a i ssion
once the spacecraft is |aunched.
Even at its sinplest level, this
activity requires conplex data
collection, data analysis, and data
archiving. Gound operations
provi des data that allows the
project nembers to do activities
that are essential to the mission:

Navi gate the spacecraft to, and
point the instruments at, the
target of interest

Assess the health, maintain the
safety of, and control the
spacecraft and its instruments

Col | ect, process, distribute, and
archive the scientific data

2. Mssion Qperations Services

Figure 1is a stylized depiction of
the set of operations services
required of a typical mssion.

M ssion operations for Discovery
mssions will not be organized al ong
traditional |ines where each service
is typically provided by a team of
peopl'e.  On Discovery m ssions,

there will be fewer teams; perhaps
on some nissions only one team On
somne DISCOVEI‘% m ssions sever al
services may be provided by a few

i ndi vidual s"— or even one. QO her

m ssions may use a reduced set of
services. Oher Discovery nissions
may chose to delete part of a
service. The full set of services
are presented here to provide a
reference for common understanding.




M ssion Pl anning

M ssion Planning is predom nately
a prelaunch activity. During
operations this service is
responsi bl e for assessing adherence
to the mission plan and naintaining
and updating the plan. This service
responds to unforeseen mssion
events, determnes the effect on
m ssion objectives, and, if
required, performs replanning to
optim ze mssion objectives.

Sci ence Planning and Anal ysis

Sci ence Planning and Analysis
supports the PlI/Science Team
pl anni ng of science observations and
the assessment of instrument health
and performance. Personnel
providing this service collect
science observation requests into a
single, integrated, activity plan
based on mission science objectives.
This function then generates
activity requests required to
i mpl ement the plan. Instrument
engi neering and science data are
anal yzed to ensure that the
|nvest|§at|on is performng as
expect ed.

Spacecraft Planning and Anal ysis

This service is responsible for
the nmmintenance, health, safety, and
repair of the spacecraft. This
includes all uplink and downlink
activities required to monitor,
calibrate, and evaluate the
performance of spacecraft .
subsyst ens Additionally, this
service maintains and updates flight
software, and maintains and operates
the flight systemsinulator (if one
exists) . Ceneration and maintenance
of flight system specifications
(saf e-operation envel ope,
operational constraints, etc.
required by operations are also
functions of this service.

Navi gati on

This service is responsible for
delivery of the spacecraft to its
tar a(s¥ . This includes planning
and gathering of radio netric data
as well as determning and
validating the spacecraft
orbit/trajectory. To carry out this
responsibility, this service also
mai ntai ns know edge of the
ephenerides of the target body or
bodi es.

Thoroe avroa fAallry mrimaryv fartare that

Sequence Devel oprent

This service is the integrator of
al | uplink activity requests from
Sci ence Planning and Anal ysi s,
Spacecraft Planning and Anal ysis,
and Navigation. Ttis within this
service that conflicts are
identified for resolution and
sequences are validated. A ngjor
role of this service is to provide
out put products that can be used by
the various Flight Team nenbers as
theY work, collectively, to resolve
conflicts and validate sequences.

M ssion Contro

This service is the real-tine
service for controlling, nonitoring,
and operating the nmssion. Bot h
flight and ground el ements of the
m ssion are under the cognizance of
this service.

Data Transport and Delivery

This service is responsible for
transport of data to and fromthe
spacecraft, and for delivery of data
t hroughout the ground system
Provided as part of this service is
a central data base for uplink and
downlink data to acconmpbdate easy
access b&aFllghﬁ Team and sci ence
users. dio signals fromt-he
spacecraft are processed to extract
instrument science and spacecraft
engi neering data, which is then
delivered to users and to the data
base.  Spacecraft commands are
processed, nodul ated on the radio
channel, and then transmtted to the
spacecraft.  This service
enconpasses those services provided
by both the Deep Space Network (DsN)
and the Advanced Multimission
Qperations System (AWMS).

Sci ence Data Processing

Science Data Processing extracts
instrument data and constructs
instrument data records. Experinent
data records are created, after
processing to the level specified by
the PI, ich include science
instrument data and sel ected
engi neering and ancillary data.
Hardcopy products are also
avail able, if desired, through this
servi ce.

An ancillary information system
called SPICE is available to assist
Di scovery Pl teans in mssion
pl anni ng, observation planning, and
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5. Low Cost M ssion Operations
Concept s

This set of |ow cost nission
operations concepts was assenbled by
resear ching techniques, tools, and
practices that are currently in use
as well as tapping the know edge
base and experience of the people
who design and build the systens
used for operations.

M ssion Design Concepts

1. Provide repeat opportunities for
science observations. Avoid single-
opportunity events which can never
be repeated. The concept is to
design a mission which includes tine
margin in its data-taking srategy.

2.Plan to allow adequate tine
between events (maneuvers, data
taking, etc.). Avoid fast-
turnaround events which drive up
staffing levels. This is another
time-margin concept.

3.Plan for sinmple, non-time-
critical tracking by ground
stations. This neans to avoid real-
time downlink of data but also

i ncludes avioding multi-purpose
passes containing conplicated radio
metric as well as telenetry/command
data tasks, Planning and scheduling
of ground tracking resources is a
human-intensive task and often

i nvol ves conpronise. Flexible

m ssions, will probably get nore
tracking tine.

Flight System Design

1. Design the flight systemwth
sufficient margins for parameters
whi ch have to be managed, nonitored
or controlled by the ground system
| nadequat e éor negative) nargins
drive ground system costs by
requiring nore precise nodels, nore
accurate trend nonitoring, nore
reci se maneuver placenent, or nore
uman-i ntensi ve decision making and
schedul i ng.

2.Design automated flight system
functions (e.g., menory nanagement,
attitude/pointing control). Truely
automated functions may be autonated
on-board or on the ground but do not
require careful nonitoring, trending
or predicting by the ground.

3.Reduce the nunber of commendabl e
states. State tracking by the
ground system requires considerable
effort. "This is one factor which
defines a “sinple” spacecraft.

4. Make the flight system _
insensitive to %ad conmands. Desi gn
the flight system so that the ground
system does not have to produce
zero-defect command sequences at all
times. During critical periods, the
ground system can be expected to
produce zero-defect commands, but to
expect that [evel of performance at

all tinmes is costly.

Managenment Policies

Managenment policies affect the
entire conduct of the nission but
those policies which most influence
operations cost are risk avoidance
pol i ci es, Here are sone exanpl es:

1. Try-again-tomorrow. Gven a

m ssion design which contains margin
inits data gathering strategy,
managment nust still inplement
?0I|C|es that take advantage of that
act.

2. Prioritized Risk Avoidance.
Examne the entire mssion timeline
and assign a risk netric to each
phase. ound operations can then
tailor or select its activities
(verification, validation,

model i ng/ sinulation, etc. ) to
acconplish an appropriate |evel of
ri sk avoi dance.

3. Establish requirenents for an on-
board fault detection/recovery
system which can be relied on, one
that doesn’t have to be exited from
inmrediately. And then trust it.

4. Reduce perfornmance nodeling and
predictiQP. Oten we build
aut omat ed systens Le.g., t her nal
power, etc.) but then choose to
moni tor, nodel and predict the
expected performance. Limt these
the of activities to those phases
that are high-risk.

Ground System Operations

1. Multi-tasking. our experience as
we have “re-engineered” several

m ssion operations teans is that
multi-tasking is very beneficial
Multi-tasking allows the M ssion
Director to retain unique personnel
by enmploying themin two tasks.

2. For relatively short nissions
some of the traditional functions
can be elimnated by assigning the
task (if it is dimnished because of
the sinmplicity of the mssion) to a
team whose primary responsibility is
some other function. For exanpl e,
on sinple mssions, the PlI/Science
Team coul d take responsibility for



the in-flight mssion planning and
anal ysis function.

3. Qperate the spacecraft at a
“systemlevel” rather than retaining
experts for each on-board subsystem
The system engi neers must have a
broad understanding of the
spacecraft (ideally having been
invol ved in design, development, and
t est phases?. To accommodat e
system|level staffing, it is

i rperative that the spacecraft be
designed with sufficient subsystem
margins (e.g., nmenory size, power,
etc.). It is also necessary to nake
some arrangement with the spacecraft
builder to retain experts on each
subsystem to respond when an anomaly
occurs.

4. Sequence devel opnent cost can be
reduced by introducing a nunber of
approaches *:

Reduce the number of sequences.
M nim ze sequence iteration
opportunities (no late updates)
Dedi cate segnents of the timeline
to specific activities (e.g.,
science observations,
engi neering, maneuvers) ,

+ Develop recallable “blocks” of
sequences.

5. Take advantage of existing multi-
m ssion ground system capabilities
Exanpl es i ncl ude:

+ Telenetry/science data Processin9
+ Command/ sequence pl anni ng and
devel opment tool s _
Net wor ki ng and renote science
data termnals
Multi-mssion teams (mission
control, archiving, navigation)

6. Addi tional Infornation

~ Additional inforantion regarding
Di scovery |ow cost m ssion
operations concepts may be obtained
by requesting the follow ng
publ i cations:

1. Discovery M ssion Operations
Desi gn Handbook, JPL D 11351

2. Discovery M ssion Operations
Ref erence Guide, JPL D- 11668

These publications may be obtained
from Esker Davis, manager of JPL's
Di scovery Ofice:

Tel ephone (818) 354-4343
Fax (818) 354-0712
¢« E-mail ESKER K DAVIS@JIPL.NASA. GOV
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Figure 1 Traditional Mission Operations Services o




